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An Innovative HIV “Mosaic” Vaccine Design Based on Machine Learning 

Janssen Pharmaceutical Companies of Johnson & Johnson, The 
Bill and Melinda & Melinda Gates Foundation, National 
Institutes of Health, Harvard and Duke. 

Los Alamos research was fundamental to an efficacy trial 
for evaluating a mosaic HIV-1 preventive vaccine 

Innovation 
Approximately 37 million people worldwide have the human 
immunodeficiency virus (HIV). Because of HIV’s incredible 
diversity — each infected person carries a unique set of viruses 
— an effective vaccine against HIV needs to stimulate an 
immune response that can recognize its many variants.   

Using a machine-learning algorithm and the NIH funded Los 
Alamos National Laboratory database of hundreds of thousands 
of HIV sequences gathered from around the globe, Los Alamos 
scientists were able to design small sets of sequences that in 
combination provide optimal coverage of HIV’s diversity.1 

The mosaic vaccine is the world’s first computationally-
designed vaccine. Through a decade of testing it has continued 
to show promise, and so currently is being tested in two human 
efficacy trials to evaluate whether the investigational vaccine 
regimen can reduce the incidence of HIV infection among 2,600 
women in sub-Saharan Africa, and 3,800 men who have sex 
with men and transgender people in the Americas.2  

Technology Advancement 

Los Alamos funded the initial work on the theoretical aspects of 
the mosaic design concept. The National Institutes of Health 
then funded the HIV mosaic experimental development 
through collaborations with Duke and Harvard. 

Mosaic vaccines are designed using thousands of protein 
sequences extracted from the Los Alamos database, an NIH 
funded project to track HIV’s global diversity.3 The mosaic 
algorithm was inspired by the way HIV itself evolves. The 
problem that it solved is how to design a small set of 
complementary sequences that resemble natural proteins and 
in combination best capture the global diversity of the virus. 

Impact 

The mosaic vaccine concept is applicable not only to HIV but to 
other variable pathogens as well, thus having a potential for far 
ranging impact on public health and national security.  We have 
also designed HIV conserved region mosaics for testing as a 
possible therapeutic vaccine.4 Mosaic designs are in various 
stages testing for other viruses, including a foot-and-mouth 
disease and Hepatitis B and C.5 LANL scientists also designed a 
filovirus vaccine against Ebola and Marburg viruses, using a 
graph-based variant of the mosaic approach.6,7 

 

“We selected Bette as our 2018 Scientist of the 
Year to recognize not only her groundbreaking 
contribution to the mosaic vaccine and the 
fight against HIV, but also for her continued 
commitment to trying new and innovative 
scientific approaches,”  
- Bea Riemschneider, Editorial Director, R&D 

Magazine 

Timeline 

2005: The theory/computational work for the 
HIV mosaic vaccine design was initiated at 
Los Alamos.  

 
2007: The original mosaic design and theory    

was first published in 2007.1  
 
2010: Mosaic vaccines were shown to be 

immunogenic and elicit more potent 
immune response than natural proteins8 

2013: Mosaic vaccines were shown to 
dramatically reduce the rate of viral 
infections in monkeys.9 

2018: Mosaic vaccines were shown to be safe 
and to elicit strong immune responses in 
humans.10 

2018: Bette Korber: R&D Magazine Scientist of 
the Year and Feynman Innovation Prize 
winner for the Mosaic design concept. 

2018 & 2019: Clinical efficacy trials initiated in 
Africa (Imbokodo, results expected 2021) 
and the Americas (Mosaico, results 
expected in 2023). 2 

 

Machine learning HIV virus.  
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